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Lestidae is a heterogeneous family with more than 150 species worldwide. There are many debates con- 
cerning its resolution. One of them is whether the genus Chalcolestes should be recognized as a genus 
or considered as a synonym of Lestes. We compared male characteristics of eight Hungarian species of 
three genera (Lestes, Chalcolestes and Sympecma) of the family Lestidae to get closer to the answer. We 
analysed the morphometry of genital and non-genital characteristics and the morphology of the secondary 
genitalia, especially the ligula. The morphometric analyses showed that two Chalcolestes species were the 
biggest in the most of the cases while Sympecma fusca (Vander Linden, 1820) and Lestes virens (Charpen- 
tier, 1825) were the smallest. The genera were separated mainly by the genitalic traits in the morphometric 
analyses. The differences in the secondary genitalia strengthen the generic status of Chalcolestes. 
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Introduction 


The superfamily Lestoidea Calvert it is the sister group of all other Zygoptera (Bybee, Ogden, 
Branham, & Whiting, 2008; Carle, Kjer, & May, 2008; Davis, Nicholson, Saunders, & May- 
hew, 2011; Dumont, Vierstraete, & Vanfleteren, 2010). Lestidae Calvert, 1901 is a heterogeneous 
family of Odonata with 153 species (Schorr & Paulson, 2017) worldwide (cf. table 2 in Jódicke, 
1997) classified currently in nine genera (Schorr & Paulson, 2017). The resolution of the family 
is not completed yet. As we know the family is monophyletic (Bybee et al., 2008; Dijkstra, Kalk- 
man, Dow, Stokvis, & Van Tol, 2014; Rehn, 2003). Only three genera with nine species (Boudot 
& Kalkman, 2015; Kalkman et al., 2010) of Lestidae are represented in Europe: Chalcolestes 
Kennedy, 1920 [Chalcolestes parvidens (Artobolevsky, 1929); Chalcolestes viridis (Vander Lin- 
den, 1825)], Lestes Leach [Lestes barbarus (Fabricius, 1798); Lestes dryas Kirby, 1890; Lestes 
macrostigma (Eversmann, 1836); Lestes sponsa (Hansemann, 1823); Lestes virens (Charpen- 
tier, 1825)] and Sympecma Burmeister [Sympecma fusca (Vander Linden, 1820); Sympecma 
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paedisca (Brauer, 1877)]. Concerning their morphology, ecology and distribution Jódicke (1997) 
published a comprehensive monograph. 

The three genera can be separated well from each other. The genus Sympecma is distinguished 
from the two others by resting the wings closed above the abdomen instead of resting with half- 
opened wings. Furthermore, Sympecma species have buff markings with glossy brown colour 
while Lestes and Chalcolestes species have colour from metallic green to copper red with bluish 
pruinosity. Sympecma is also differentiated by the location of the pterostigma, which is closer 
to the tip of the wing in forewings than in hind wings instead of being located at the same 
distances. Behavioural differences are also conspicuous, as Sympecma species overwinter as 
imagos instead of eggs. Chalcolestes species differ from Lestes in the prementum of the larvae. 
It is rather broad basally, instead of narrowed. Furthermore, Chalcolestes species have a spur- 
like longitudinal green spot on the metepisternum, marking the lower border of the green area. 
Moreover, their behaviour also differs. Females of the genus Chalcolestes oviposit in living 
wood, although Lopau (1996 cit. Olias et al., 2007) reported an exception from Greece, where C. 
parvidens emerged from Bolboschoenus maritimus and later observed emergences in Corfu and 
Zakynthos in water areas without woody plants (Lopau, 2006 cit. Olias et al., 2007). 

Furthermore, the newest genetic investigations (Dijkstra & Kalkman, 2012; Dumont et al., 
2010; Gyulavári et al., 2011; Samraoui, 2009) demonstrated that Chacolestes is nearer to Sym- 
pecma than to the true Lestes and should be considered at the genus level. They were followed 
by many authors (Grand & Boudot, 2006; Hardersen, 2004; Hardersen & Dal Cortivo, 2008; 
Holzinger, Chovanec, & Waringer, 2015; Sácha et al., 2014; Schorr & Paulson, 2017; Skvortsov, 
2010). 

Nevertheless the genus name Chalcolestes has not been generally accepted since Kennedy 
erected it to accommodate Lestes viridis (Kennedy, 19202). In many frequently used field guides 
(Askew, 1988; d’ Aguilar, Dommanget, & Préchac, 1986; Dijkstra & Lewington, 2006) the genus 
Lestes is still used for viridis and parvidens whether they are treated as species or subspecies, 
thus influencing faunistic works and species lists (Buczynski & Moroz, 2008; De Knijf, Vanap- 
pelghem, & Demolder, 2013; Jovic, Andjus, & Santovac, 2009; Jovic, Gligorovic, & Stankovic, 
2010; Kalkman et al., 2010; Olias & Guenther, 2005; van Tol, 2016) and other research papers 
(Agüero-Pelegrin, Ferreras-Romero, & Corbet, 1999; Corbet, 1999; De Block, Geenen, Jordaens, 
Backeljau, & Stoks, 2005; Geenen, Jordaens, De Block, Stoks, & De Bruyn, 2000; Samraoui, 
2009; Willkommen, Dreyer, & Gorb, 2014). Also, some authors treat Chalcolestes as a subgenus 
of Lestes and use the name as Lestes (Chalcolestes) viridis (e.g. Jódicke, 1997; Raab, Chovanec, 
& Pennerstorfer, 2007). 

Consequently, our aim was to compare morphologically the three existing genera of the family 
Lestidae in Hungary, and to characterize the differences we might detect. For the comparison 
non-genital and genital characters were used on male adults from Hungarian populations. 


Materials and methods 


For the comparison 198 male adults were included from 12 Hungarian populations of the eight 
Hungarian species of the family Lestidae. We used data from earlier descriptions of eight pop- 
ulations (Kis et al., 2012, 2013, 2014; Nagy, Vajda, Szabó, Miskolczi, & Dévai, 2012; Vajda, 
Szabó, Miskolczi, Cserháti, & Dévai, 2013; Vajda, Szabó, Miskolczi, & Dévai, 2011, 2015a; 
Vajda, Vincze, Szabó, Miskolczi, & Dévai, 2015b) in addition to our previously unpublished 
data from four NE-Hungarian populations. 

In the former works 21 body traits were measured: nine non-genital traits and 12 genital traits. 
For better understanding formerly used Hungarian abbreviations were replaced with English ones 
(indicated as HUN — EN). Non genital traits were the body length (Tth — BL), the abdomen 
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length (Pth = AL), five characters on the head (Fs = HW -— width of the head; SZkt = CED 
— distance between the compound eyes measured on the line of HW; CSTkt = ScD — distance 
between the two scapi; UFszkt = PCW — width of the postclypeus measured on the upper carina; 
FAs = LW - width of the labrum), two characters on the right third leg (J3LCh = R3LFL - the 
length of the femur; J3LLh = R3LTL - the length of the tibia). The genital traits were between 
distinctive points of the lower and upper appendages of the abdomen end [six characters in each 
side (Left: PVK1-6B = Abd1-6L, Right: PVK1-6J = Abd1-6R)], see figure 2 in Vajda et al. 
(2011). During the comparison original data were used in case of body length, abdomen length, 
traits of the head and of the leg but not in the case of the abdominal end where the mean of 
the two sides was used at particular cases respectively (e.g. PVK1 =(PVK1J + PVK1B)/2). 
Measurements were taken with a digital calliper (to the nearest 0.01 mm) and stereo microscopes 
(Zeiss SMXX and Zeiss Techinval, Zeiss, Jena, Germany) with ocular micrometers. 

For the statistical analysis box plots were produced to show quantiles of each variable. While 
the data were normally distributed (Shapiro—Wilk test) the species were compared with ANOVA 
with Tukey’s pairwise comparisons for all the features. Prior to the multivariate statistical anal- 
yses we used square root transformation to normalize the data. For the multivariate analysis the 
body and abdomen lengths (BL and AL characters) were excluded, because they would have 
distorted the results. Species were compared with MANOVA and canonical variation analy- 
sis (CVA). Cluster analyses were performed to clarify the morphological similarity among the 
species. We used the functions at group centroids from CVA (Ward’s algorithm). Additionally 
regression tree analyses were performed to the species of the Lestes genus to identify traits that 
best discriminated species. 

Multivariate tests were run separately for the non-genital and genital characters as well as for 
all characters. 

Statistical analyses were performed using PAST version 2.17 (Hammer, Harper, & Ryan, 
2001), SPSS ver. 22.0 and R programme package (R Development Core Team, 2010). 

The morphology of the secondary genitalia (especially the ligula) in selected specimens was 
studied as well. We used a scanning electron microscope (Hitachi S-4300 CFE, Hitachi, Tokyo, 
Japan) at 5 kW and light microscope (Olympus SZX16, Olympus, Tokyo, Japan). For the SEM 
investigations the appropriate part of the abdomen was cut off and the penis was twisted out 
from under the vesicula spermalis. Specimens were dehydrated in a series of alcohol (two times 
24 hours in 9696 alcohol in refrigerator, then 24 hours in absolute alcohol in room tempera- 
ture). After dehydrating, specimens were fixed on specimen holders and dried in a drying cabinet 
for another 24 hours at 80?C. To avoid charges under the electron beam a thin gold layer was 
evaporated onto the free surfaces. 


Results 


Non-genital traits 


According to ANOVA, there were significant (p < 0.001) differences among the species 
(Table 1). The Chalcolestes species had the longest body and abdomen length (Table 2, Figure 1) 
and a clear trend was found for these traits between the species in an ascending order: S. fusca, 
L. virens, L. sponsa, L. macrostigma, L. barbarus, L. dryas, C. viridis, C. parvidens. Other traits 
do not follow this trend. L. dryas was markedly larger in traits of the head, especially HW, CED, 
ScD, LW (Table 2, Figure 1) than the others. Sympecma fusca which was the smallest in body 
length proved to have an average value for the traits SCD and PCW. On the basis of the traits of 
the third right leg (R3LFL, R3LTL) three groups could be divided: (i) S. fusca, L. virens, (ii) C. 
parvidens, C. viridis, L. sponsa, (iii) L. macrotigma, L. barbarus, L. dryas. 
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Table 1. Differences between species (ANOVA) for the 15 morphometric characters. 





Sum of Squares df Mean Square F Sig. 
BL Between groups 1544.49 7 220.64 139.30 < 0.001 
Within groups 300.99 190 1.58 
Total 1845.48 197 
AL Between groups 1071.21 7 153.03 123.30 < 0.001 
Within groups 235.90 190 1.24 
Total 1307.11 197 
HW Between groups 25.99 7 3.71 246.60 < 0.001 
Within groups 2.86 190 0.02 
Total 28.85 197 
CED Between groups 11.07 7 1.58 260.90 < 0.001 
Within groups 1.15 190 0.01 
Total 12.22 197 
ScD Between groups 3.46 7 0.49 181.10 « 0.001 
Within groups 0.52 190 0.00 
Total 3.98 197 
PCW Between groups 2.33 7 0.33 68.74 « 0.001 
Within groups 0.92 190 0.00 
Total 3.25 197 
LW Between groups 3.49 7 0.50 220.60 « 0.001 
Within groups 0.43 190 0.00 
Total 3.92 197 
R3LFL Between groups 40.27 7 5.75 167.20 < 0.001 
Within groups 6.54 190 0.03 
Total 46.80 197 
R3LTL Between groups 64.30 7 9.19 168.30 < 0.001 
Within groups 10.37 190 0.05 
Total 74.67 197 
Abdl Between groups 1.60 7 0.23 88.56 « 0.001 
Within groups 0.49 190 0.00 
Total 2.09 197 
Abd2 Between groups 1.33 7 0.19 127.60 « 0.001 
Within groups 0.28 190 0.00 
Total 1.61 197 
Abd3 Between groups 1.25 T 0.18 125.60 < 0.001 
Within groups 0.27 190 0.00 
Total 1.51 197 
Abd4 Between groups 2.48 7 0.35 65.68 < 0.001 
Within groups 1.03 190 0.01 
Total 3.51 197 
Abd5 Between groups 1.75 7 0.25 122.50 « 0.001 
Within groups 0.39 190 0.00 
Total 2.14 197 
Abd6 Between groups 6.54 7 0.93 278.90 < 0.001 
Within groups 0.64 190 0.00 
Total 7.18 197 


MANOVA showed significant differences among the species (Wilk’s lambda: 0.0007; 
dfl = 49; df2 = 938.6; F = 61.55; p < 0.001). Pairwise comparison showed also a significant 
difference in all cases (p < 0.001). 

The first two axes of CVA explained 75.58% of total variance. The first axis was determined 
by the CED and ScD traits and the second axis by PCW, HW, R3LFL and R3LTL traits. Along 
the first axis (Figure 2) L. dryas and L. barbarus were separated from others mainly in the sizes 
of the leg. Along the second axis Chalcolestes species and L. sponsa were separated from other 
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Table 2. Range of the measurements (in mm) of the non-genital characters. (CIL: confident interval lower limit, CIU: 
confident interval upper limit, SD: standard deviation, N: number of specimens). 


BL AL HW CED ScD PCW LW  RGLFL R3LTL 


L. macrostigma (N = 14) Mean 41.57 33.52 4.98 2,535 1,51 1.05 1.26 4.52 5.08 
CIL 40.51 32.45 4.82 2.5] 1.48 1.03 1.24 4.46 5.01 
CIU 42.63 34.59 5.02 2.59 1.53 1.07 1.28 4.58 5.16 
SD 1.835 1.849 0.062 0.074 0.041 0.030 0.030 0.103 0.131 
L. sponsa (N — 15) Mean 39.65 31.54 4.88 2.49 1.38 0.95 1.18 4.90 5.41 
CIL 39.04 31.02 4.82 2.44 1.36 0.93 1.16 4.80 5.29 
CIU 4027 32.06 4.95 2.54 1.41 0.98 1.20 5.01 5.54 
SD 1.119 0.942 0.118 0.088 0.045 0.050 0.031 0.185 0.220 
L. virens (N = 35) Mean 36.71 29.20 4.73 2.36 1.34 0.89 1.12 3.92 4.31 
CIL = 36.09 28.65 4.67 2:33. 1:32 0.87 1.10 3.86 4.23 
CIU 37.4 29.74 4.78 2.39 1.36 0.92 1.14 3.98 4.38 
SD 1.812 1.585 0.157 0.093 0.067 0.071 0.058 0.176 0.224 
L. barbarus (N — 34) Mean 41.63 32.65 527 2.67 1.50 1.00 1.41 4.86 5.41 
CIL 41.13 32.25 5.22 2.64 1.48 0.97 1.39 4.79 5.32 
CIU 42.13 33.06 5.33 2.70 1.51 1.04 1.43 4.94 5.50 
SD 1.438 1.156 0.152 0.082 0.053 0.105 0.054 0.216 0.250 
L. dryas (N = 55) Mean 42.61 33.47 5.63 2.95 1.68 1.19 1.47 5.09 3:72 
CIL 42.40 33.27 5.59 293 1.67 1.17 1.45 5.02 5.64 
CIU 42.83 33.67 5.66 2.97 1.69 121 1.48 5.15 5.80 
SD 0.793 0.753 0.120 0.083 0.049 0.066 0.053 0.230 0.296 
C. viridis (N = 15) Mean 44.28 35.66 5:12 2.45 1.38 1.10 1.29 4.27 4.78 
CIL 43.82 35.22 5.07 2.42 1.35 1.08 1.27 4.22 4.69 
CIU 44.73 36.10 5.18 248 1.40 1.11 1.31 4.32 4.88 
SD 0.827 0.795 0.099 0.050 0.038 0.033 0.031 0.087 0.173 
C. parvidens (N — 15) Mean 45.08 36.49 5.21 2.41 1.39 1.14 1.28 4.36 4.66 
CIL 44.61 36.12 5.18 2.40 1.39 1.12 1.27 4.31 4.59 
CIU 45.55 36.85 5.23 2.43 1.40 1.16 1.29 4.42 4.74 
SD 0.844 0.656 0.047 0.029 0.018 0.041 0.015 0.100 0.132 
S. fusca (N = 15) Mean 36.51 28.66 4.56 2.34 1.39 1.07 1.20 4.05 4.21 
CIL = 36.13 28.37 4.53 2:3] 1,35 1.03 1.17 3.98 4.13 
CIU 36.88 28.96 4.60 2.37] 143 1.11 1.22 4.12 4.29 
SD 0.672 0.532 0.070 0.054 0.070 0.070 0.042 0.127 0.144 


species, also mainly in the sizes of leg. The convex hulls for the first two axis overlapped to a 
great extent. Nonetheless, according to the first seven canonical function the clustering efficiency 
was 96.97%. Six specimens were misclassified. 

Cluster analysis for centroids (Figure 3) differentiated two main branches: (1) L. sponsa, S. 
fusca, L. macrostigma, L. virens; and (ii) L. barbarus, L. dryas, C. viridis, C. parvidens. The 
sub-branches clustered together C. viridis and C. parvidens as well as L. barbarus with L. dryas 
and, surprisingly, L. macrostigma with L. virens. 

The regression tree analysis (Figure 4) separated L. dryas and L. barbarus based on LW 
trait. The others were clustered in two branches (i) L. virens, S. fusca; and (ii) L. sponsa, L. 
macrostigma, C. parvidens, C. viridis which were divided by the R3LFL. A L. macrostigma spec- 
imen was uninvolved in the L. sponsa—L. macrostigma branch because of its size and clustered 
to the sub-branch of Chalcolestes species. 


Genital traits 


Significant differences were between the species — according to ANOVA - (p « 0.001) in each 
trait (Table 1). The Abd1 and Abd2 characters were remarkably smaller in S. fusca, L. virens 
and L. sponsa than in others (Table 3, Figure 5). The values of Abd3 were strikingly larger in L. 
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Figure 1. Box plots for non-genital characters. 


dryas, while the others were similar to each other (Figure 5). Abd4 was smallest in S. fusca and 
L. virens, largest in L. macrostigma and L. dryas but had a very high standard deviation in the 
latter. The Abd5 was the smallest in the two Chalcolestes species (Figure 5). The best separation 
of the species was in the case of Abd6 trait. Based on the latter the species could be divided into 
four groups from smallest to largest: (1) L. sponsa, L. dryas; (ii) L. virens, L. barbarus; (iii) S. 
fusca, C. parvidens, C. viridis; and (iv) L. macrostigma (Figure 5). 

MANOVA separated the species significantly (Wilk's lambda: 0.0005; dfl = 42; 
df2 = 871.2; F = 83.88; p < 0.001), as did the pairwise comparisons (p < 0.001). 

The first two axes of CVA explained 87.87% of all variation. The first axis was determined 
mainly by the Abd3, Abd5, Abd6 traits and the second one by Abd! Abd2 and Abd4 traits. 
Species separated well along the first two axis (Figure 6). Only L. barbarus and L. macrostigma 
overlapped to a great extent. L. sponsa and L. dryas completely separated from others along the 
first axis and from each other along the second axis. Chalcolestes species were separated from 
others also on the first axis, mainly based on the Abd6 trait. The classification efficiency was 
97.47%. Five specimens were misclassified. 
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Figure 2. Canonical variates analysis (CVA) for non-genital characters. 
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Figure 3. 


Cluster analysis (Ward's algorithm) for the functions at group centroids of CVA for measurements of 
non-genital characters. 
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Details for nodes: 
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Figure 4. Regression tree analysis based on the non-genital characters with the differentiating characters in each node 
and the cut-off values (in mm) identified by regression tree analysis that divide the dataset into two. 
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Figure 5. Box plots for genital characters. 
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Table 3. Range of the measurements (in mm) of genital characters. (CIL: confident interval lower limit, CIU: 
confident interval upper limit, SD: standard deviation, N: number of specimens). 


Abdl Abd2 Abd3 Abd4 Abd5 Abd6 
L. macrostigma (N — 15) Mean 1.03 0.59 0.51 1.45 0.37 0.91 
CIL 1.00 0.57 0.49 1.43 0.36 0.88 

CIU 1.07 0.62 0.52 1.48 0.38 0.94 

SD 0.061 0.043 0.027 0.043 0.021 0.053 

L. sponsa (N = 15) Mean 0.78 0.35 0.52 1.21 0.34 0.25 
CIL 0.76 0.33 0.50 1.17 0.32 0.22 

CIU 0.80 0.37 0.54 1.24 0.36 0.28 

SD 0.037 0.032 0.037 0.062 0.039 0.059 
L. virens (N — 35) Mean 0.83 0.48 0.44 1.14 0.28 0.61 
CIL 0.82 0.47 0.43 1.12 0.27 0.59 

CIU 0.85 0.50 0.46 1.16 0.30 0.63 

SD 0.045 0.040 0.038 0.056 0.042 0.064 

L. barbarus (N = 34) Mean 0.97 0.61 0.42 1.30 0.28 0.65 
CIL 0.95 0.60 0.41 1.28 0.26 0.63 

CIU 0.98 0.63 0.43 1.32 0.30 0.67 

SD 0.040 0.036 0.040 0.063 0.052 0.053 
L. dryas (N = 55) Mean 1.01 0.51 0.62 1.39 0.37 0.41 
CIL 0.99 0.50 0.60 1.36 0.36 0.39 

CIU 1.03 0:52 0.63 1.42 0.39 0.43 

SD 0.065 0.039 0.045 0.104 0.044 0.063 

C. viridis (N = 15) Mean 0.95 0.54 0.47 1.30 0.11 0.79 
CIL 0.91 0.52 0.46 1.27 0.10 0.76 

CIU 0.98 0.57 0.49 1.33 0.13 0.82 

SD 0.059 0.052 0.027 0.057 0.028 0.052 

C. parvidens (N — 15) Mean 1.00 0.63 0.42 1.35 0.09 0.78 
CIL 0.99 0.61 0.41 1.32 0.08 0.74 
CIU 1.01 0.65 0.43 1.37 0.10 0.81 

SD 0.025 0.036 0.019 0.040 0.015 0.059 

S. fusca (N = 15) Mean 0.78 0.39 0.44 1.09 0.18 0.72 
CIL 0.76 0.38 0.42 1.06 0.13 0.70 

CIU 0.80 0.40 0.45 1.13 0.23 0.74 

SD 0.034 0.022 0.030 0.066 0.082 0.032 


Cluster analysis for centroids (Figure 7) separated clearly L. sponsa and L. dryas from others. 
The two Chalcolestes were clustered together as well as L. virens with S. fusca and L. barbarus 
with L. macrostigma. 

The regression tree analysis (Figure 8) separated the L. dryas and L. sponsa from the others 
based on the Abd6 trait. The other species formed two sub-branches. One consists of S. fusca 
and the Chalcolestes species and they were separated by Abd4 trait. In the other sub-branch L. 
macrostigma was separated from L. virens and L. barbarus by Abd6 trait. 


All traits 


MANOVA significantly separated the species (Wilk’s lambda: 7.983E-06; dfl = 95; 
df2 = 1118; F = 68.48; p < 0.001). The pairwise comparisons also showed significant differ- 
ences between species pairs (p « 0.001). 

Classification efficiency of CVA was 10096. However, according to the first two axes (explain- 
ing the 78.1346 of total variance) there were overlaps between the convex hulls (Figure 9). Three 
groups separated along the first axis (1) L. dryas, L. sponsa; (ii) L. barbarus, L. macrostigma, L. 
virens, S. fusca; and (iii) C. viridis, C. parvidens. The two Chalcolestes species differ mainly in 
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Figure 6. Canonical variates analysis (CVA) for genital characters. 
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Figure 7. Cluster analysis (Ward's algorithm) for the functions at group centroids of CVA for measurements of genital 
characters. 
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Details for nodes: 

(1) L. dry Abd6 < 0.754 
(2) L. dry Abdl < 0.922 
(3) L. bar Abd5 < 0.468 
(4) C par Abd4 < 1.084 
(5) C. par Abd2 « 0.756 
(6) L. bar Abd6 < 0.891 
(T) L. bar Abd2 < 0.746 
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Regression tree analysis based on the genital characters with the differentiating characters in each node and 
the cut-off values (in mm) identified by regression tree analysis that divide the dataset into two. 
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Figure 9. Canonical variates analysis (CVA) for all measurements (non-genital and genital characters together). 
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Figure 10. Cluster analysis (Ward's algorithm) for functions at group centroids from CVA for all measurements 
(non-genital and genital characters together). 


the size of Abd5 and Abd6 from each other as well as from other species along the first axis. 
Along the second axis, species differentiated mainly in the size of R3LTL and HW. 

The cluster analysis for centroids (Figure 10) separated L. sponsa with L. dryas far from the 
other six species. The two Chalcolestes were clustered together as was L. virens with S. fusca 
and L. barbarus with L. macrostigma. 

The regression tree (Figure 11) separated in the first place L. dryas and L. barbarus from 
the other species based on the LW trait (Figure 11). The others were divided into two sub- 
branches based on the trait Abd5: (1) S. fusca, C. viridis, C. parvidens; (11) L. virens, L. sponsa, 
L. macrostigma. All species were correctly divided by the test. 


Morphological characterization of the secondary copulatory organ 


The secondary copulatory organ (Figures 12, 13) showed little differences between species. The 
distal edge of the lamina batilliformis had pili (Figure 12b) in the case of Chalcolestes sp. but 
not in others (Figure 13e). The anterior processus of hamuli anteriores (Figures 12a, d, e, 13c, d, 
h) seemed to be longer and more slender in the case of Chalcolestes sp. than in Lestes sp. and S. 
fusca. 

The ligula (Figures 12c, f, 13a, j, f) was spoon-like in all species. Its first segment, the prophal- 
lus, bore conspicuous lobes laterally in case of the two Chalcolestes species (Figure 12a, c, d). 
The chitin stem branches extended to the tip of the glans in the two Chalcolestes species, fusing 
with the terminal shelf (Figure 12c), but less elongated in the five Lestes species (Figure 13a, f, 
j) and S. fusca (Figure 12f). A paired lobe, lateral to the chitin stem branches was well developed 
in the two Chalcolestes species (Figure 12c), less developed in S. fusca (Figure 12f) and was 
barely visible or non-existent in the five Lestes species (Figure 13a, f, j). The five Lestes species 
bore a lobe (hood) in the middle of the glans at the end of the chitin stem branches (Figure 13a, f, 
g, i-k), which was split open in S. fusca (Figure 12f) but missing in the two Chalcolestes species 
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Details for nodes: 

(1) L. dry LW «1.565 
(2) L. vir Abd5 < 0.454 
(3) C. par HW <2.191 
(4) C. par Abd2 <0.756 
(5) L. vir R3LFL < 2.064 
(6) L. spo Abdl < 0.932 
(7) L. dry Abd6 <0.754 
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Figure 11. Results of regression tree analysis based on all characters with the differentiating characters in each node 
and the cut-off values (in mm) identified by regression tree analysis that divide the dataset into two. 


(Figure 12c). This hood can be wide (L. sponsa, L. dryas) or narrow (L. macrostigma, L. virens) 
for its full length or can have a wide base with narrowing end (L. barbarus). The terminal shelf 
bore a long paired horn-like structure presented in the two Chalcolestes species (Figure 12c) 
which was less developed in other cases (Figures 12f, 13a, d, f, i, j). 


Discussion 


The three genera could not be separated clearly with the multivariate analyses. The main dif- 
ferences came from the larger size of Chalcolestes species and the smaller size of S. fusca. L. 
sponsa and L. dryas clearly separated from the others by the traits of the abdomen end especially 
the length of the lower appendages. L. virens and S. fusca have similar small bodies, heads, legs 
and abdomen ends. The similarity of L. macrostigma and L. virens in the traits of the head is 
remarkable. 

Also noticeable is that the analysis for genital characters have the same results as the analysis 
including all traits. This can mean a greater significance of genital characters in the analyses than 
non-genital characters. 
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Figure 12. Male genitalia observed under scanning electron microscope. (a) Ventral view of secondary genitalia and 
(b) a closer view of lamina batilliformis with its pili in Chalcolestes parvidens. (c) Ventral view of the genital ligula in 
Chalcolestes parvidens showing the elongated horn-like structures of the shelf, the enlarged lobes laterally to the chitin 
stem branches and laterally to the prophallus. (d) Ventral view of the secondary genitalia in Chalcolestes viridis. (e) 
Ventrolateral view of the secondary genitalia and (f) the genital ligula in Sympecma fusca. 


Nevertheless, the differences in the secondary genitalia support the generic status. Our find- 
ings are consistent with Pinhey’s (1980): Chalcolestes sp. have no hood and the chitin stem 
branches are elongated, Lestes sp. and S. fusca have a hood with shorter chitin stem branches. 
Morphologically S. fusca is closer to Lestes spp. than the Chalcolestes species. Furthermore, the 
morphology of female genitalia also differs between the genera. L. barbarus and L. virens have 
no spermatheca and store sperm only in bursa copulatrix while S. fusca has one spermatheca and 
C. viridis has two small spermathecae (Uhia & Rivera, 2005). 
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Figure 13. Male genitalia observed under scanning electron microscope. (a) Ventral view of the genital ligula with (b) 
a closer view of the horn-like structures of the shelf and the (c) ventral view of the secondary genitalia in Lestes sponsa. 
(d) Ventral view of the secondary genitalia and (e) a closer view of the lamina batilliformis in Lestes dryas. (f) Ventral 
view of the genital ligula and (g) the hood in Lestes virens. (h) Ventral view of the secondary genitalia and (i) the hood 
in the genital ligula in Lestes barbarus. (j) Ventral view of the genital ligula and (k) the hood in Lestes macrostigma. 


Only a few works have paid attention to the morphology of secondary genitalia, especially the 
ligula. All species were found share the characteristic of the spoon-shaped ligula. Lestes secula 
May, 3 (see figure 1 in May, ) and Lestes disjunctus Selys (see figures 5, 6 in Kennedy, 

) are very similar to the Lestes species in our work with the medium long chitin stem 
branches and a conspicuous hood in the middle of the glans. Archilestes species like Archilestes 
neblina Garrison, (see figures 3-6 in Garrison, 1982), Archilestes guayarca De Marmels, 

and Archilestes tuberalatus (Williamson) (see figures 5, 6, 10, 11 in De Marmels, 2) 
and Archilestes grandis (Rambur) (see figures 3, 4 in Kennedy, ) also have medium long 


256 C. Vajda et al. 


stem branches and a hood but seems to have another paired lobe next to the hood. Austrolestes 
cingulatus (Burmeister) bears a narrow hood with seemingly shorter chitin stem branches and 
a more angular shape of the glans (see figures 7, 8 in Kennedy, 1920b). Indolestes tenuissimus 
Tillyard, has moderately long chitin stem branches with a short shelf and a long hood that curls 
back under itself (see figure 9 under the name Austrolestes in Kennedy, 1920b). 

Noteworthy is that Kennedy (19202) not only described the genus Chalcolestes but established 
two other genera inside the family Lestidae, also partly on the basis of the morphology of ligula. 
These are the Ceylonolestes with the type species Austrolestes analis and the Africalestes with 
the type species Lestes virgatus. The former is the synonym of Austrolestes (Steinmann, 1997), 
the latter is the synonym of Lestes (Jódicke, 1997; Steinmann, 1997). 

Furthermore, a trend can be seen in the structure of the secondary genitalia which refer to the 
northern and southern clades of genus Lestes. The five European species in the genus Lestes fall 
into a northern [L.. dryas; L. sponsa] and a southern [L. macrostigma; L. virens; L. barbarus] clade 
(Dijkstra & Kalkman, 2012) referring to their glacial refugia (Dévai, 1976). The members of the 
northern clade have a wider hood instead of narrowed one and the paired horn-like structure 
seems to be slightly longer than in the members of the southern clade. As well, L. dryas and L. 
sponsa are clearly separated in most of the analyses, mainly on the basis of the measurements of 
the abdominal end. These differences need a detailed analysis in the future. 

Overall the genital characters, especially the structure of the secondary genitalia, may reflect 
the relationships between species better than morphometrics in this case. Furthermore, secondary 
genitalia can be a good character not just at the species level (cf. Song & Bucheli, 2010) despite 
the fact that male genitalia evolve rapidly and divergently (Arnqvist, 1997). 

The genetic data (Dijkstra & Kalkman, 2012; Dumont et al., 2010; Gyulavári et al., 2011; 
Samraoui, 2009) clearly placed genus Chalcolestes distantly from true Lestes. However, no phy- 
logeny was constructed our analyses could separate the genus Chalcolestes form the genus Lestes 
clearly, but not distantly. Considering the results of Gyulavari et al. (2011) and Dumont et al. 
(2010) and our own, we find the data supportive for the generic status of Chalcolestes. The small 
size of the genus Chalcolestes might still be considered a problem. It is debatable whether the 
existence of small genera, which contain no information about relationships (Scotland & Sander- 
son, 2004), or large genera, which can be non-monophyletic or inconvenient, are more preferable. 
Thus one must choose between two possibilities: leave a monophyletic group at a given taxo- 
nomic level as a whole single unit, or subdivide the group in the same level to several smaller 
groups. In the family Lestidae there are nine genera with an average of 16.9 species. The most 
numerous genus is the Lestes with 84 species included, while five of the genera (Sinhalestes, 
Chalcolestes, Platylestes, Sympecma, Orolestes) have at most five species (Schorr & Paulson, 
2017). 

In conclusion, a detailed morphological and genetical analysis is recommended for the whole 
Lestidae family as, for example, Kalkman and Theischninger (2013) did with the family of Argi- 
olestidae or Dumont, Vanfleteren, De Jonckheere, and Weekers (2005) with the Calopterygoid 
damselflies. Until then we recommend the use of genus Chalcolestes. 
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